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A BSTRAC”r

This report investigates the effects of cross-talk on the Bit Error Rate (BER) performance +:.
of QPSK communication systems, There are four different sources that can cause cross-talk in @
QPSK systems, namely, a band-limited channel, asymmetry in filters, phase imbalance between
the channels, and imperfect carrier tracking. This report emphasizes the last two problems (where
either phase imbalance in the local VCOS or imperfect carrier tracking exists). The BER is
derived as a function of phase imbalance (or phase error caused by imperfect carrier tracking) “.’/
for both QPSK and Unbalanced QPSK (UQPSK). However, numerical results for QPSK only
are presented. Numerical results are presented by a set of curves that can be used to: ( 1 ) write
a specification for an acceptable phase, imbalance between the In-phase (I) and Quadrature (Q)
channels; and (2) specify the maximum allowable phase jitter produced by the carrier tracking
loop.



1. Introduction

The topic on cross-talk in QPSK communications systems has been treated by
various authors [1-4]. Cross-talk can cause serious performance degradation in QPSK
communications systems, There are four different sources that cause cross-talk to occur in QPSK
systems. They are:

(1) &wdwmmA : It is well-known that unfiltered QPSK signals have constant-
amplitude envelope versus time characteristics. In ideal conditions, e.g., ideal limiting
amplifier and unlimiting bandwidth channel, the system performance is the same as if the
prelimited filter and the limiting amplifier were absent. However, as the prelimiterbandwidth
becomes narrower to the stage where significant signal energy is filtered away, the I and Q
waveforms become seriously distorted and the signals acquire Amplitude Modulation (AM).
The limiting amplifier removes the AM acquired during filtering, and in doing so further
distorts the I and Q waveforms. As a result of this process, cross-talk between the waveforms
occurs [1].

(2) fkymmlry  In Ill&s
. .

: If the response of the filters (prelimiting filter or low pass filter,
etc) are not symmetric about the center frequencies, a pure cosine (or sine) input signal will
produce both sine and cosine terms at the output. As a result of this asymmetry, cross-talk
between the I and Q channels has occurred [2].

(3)~~: when the phase between the I and Q channels
is not the same, the signal in the I channel can leak into the Q channel or vice versa. This
process causes cross-talk between the channels.

(3) h~: for QPSK systems, the imperfect carrier tracking can cause
degradation from two sources. Firstly, it can cause degradation in the desired data signal by
cos[F(t)] (where F(t) denotes the carrier tracking phase jitter) and secondly, it can cause
crosstalk so that both the desired data and the opposite data channel appear in the desired data
matched filter (where it can add or substract  to the filter output) [3-4].

This paper investigates the last two cases, i.e., phase imbalance between the local
VCOS and imperfect carrier tracking, Probability of error for both QPSK and QPSK will be
derived. However, numerical results are presented only for QPSK for future recommendations to
the CCSDS.

2. Cross-talk Due to the Phase Imhlanced between the Channels

The phase imbalance between the channels occurs When the phase shifter at the
receiver is no longer operated in linear region due to aging  or heating (see Figure 1). Due to the
phase imbalance between the channels, the signal in the I-channel leaks into the Q-channel
causing potential performance degradation in that channel. In this section we will consider the case
when the signal in the Q-channel leaks into the I-channel, and that the data rate on the I-channel is
n times the data rate on the Q-channel.
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Let’s assume that the received signal plus noise is modeled as

x(f) = J“2P,d,  (() sin (mcf) + &fiQ (/) cm  (0),./)  +11 (() (1)

where n(t) is the AGWN with one-sided power spectral density No, PI and PQ are the I and Q
channel power, dr(t) and dQ(t) are data sequences with synl~ol duration of T] and TQ SCC,
respectively.
To simplify the analysis as well as the hardware for practical implementation, we will consider the
case that

(2)

where RQ and RI are respective data rate of each channel. If we assume that the signal in the Q-
channel leaks into the I-channel and no signal in the I-channel gets into the Q-channel. Let f be the
phase imbalance between the I and Q channels. Using References 3 and 4, the conditional bit
error probability in the I-channel can be shown to have the following form

where

P(EJ/’l$) = -&., (’/!)Q

I.’b, 1’,7’,
.
No =  -Pi.

(3)

Bil SNR i)) I- CII(IIIIICI (4)

EbQ ‘c?%.— Iii/ SNR iu Q-CIIOIIII
No = ‘-h’o “

Note that Eqn (3) was derived based on the assumption that the data formats for both channels are
NRZ and that the symbol synchronization is perfect, Furthermore, the binomial coefficient
appeared in Eqn (3) because there are n symbols of TQ during 1“1 seconds, and there are i negative
symbols with n-i positive symbols so that the matched filter output of the cross-product (did)
is equal to (n-2i)/n.  This value occurs with a probability

The conditional bit error probability in the Q channel can be shown to be
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(6)

If we assume that the signal  in the I-channel leaks into the Q-channel and no signal
in the Q-channel gets into the I-channel, then we can show that the conditional bit error probability
in the Q-channel is given by

The conditional bit error probability in the I-channel becomes

Note that the Q(.) function is defined as

,2
m

Q(x )  = ~_.~e-;d/
J21cx

The relationship between the Q(.) funtion  and the erfc(. ) is given
as

(8)

(9)

(lo)

For balanced power among the channels and equal data rate, i.e., QPSK (as contrast
to Unbalanced QPSK, UQPSK), the conditional bit error probability in the I-channel, assuming the
signal in the Q-channel leaks into the I-channel and no signal in the I-channel gets into the Q-
channel, becomes

(11)
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Similarly, the conditional bit error probability for the other case can be derived by setting n = 1,
Et,Q/No = EL1l/No  = El,/No, and the result is identical to EQn ( I I )

3. Cross-talk Due to Imperfect Carrier Tracking

This case has been investigated in detail in [3-4]. AS mentioned earlier, imperfect
carrier tracking can cause degradation from two sources, namely, the phase error degrades the
desired data signal and the phase error also causes interchannel interference. If we assume perfect
bit synchronization and NRZ data formats for both channels, the conditional probability of error in

{ the I-channel for UQPSK is given by [3-4]

2Eb,

() [/
‘),,~

P(,E,/ (a) (1) =+)) = -]-x”. ( )/‘! Q -~” - co’ (4’) - !’-:,~ - j+x ‘in (’+),,, /-0 ,
0 0

(12)

and the conditional probability of bit error in the Q-channel for UQPSK is found to be [3-4]

For QPSK, the conditional bit error probability for I-channel becomes identical to the Q-channel
and it is given by

J [1% Cos(’’-ff ‘i4+Q[/t Cos(’)+f: ‘i’’(o)]] ’14)P(E/o(f)sf$)  = : Q

4. Numericnl  Results

Due to common interest in the CCSDS community, numerical results for QPSK are
presented in this section. For this particular case the conditional bit error probability for phase
imbalance is identical for imperfect carrier tracking. However, for phase imbalance case, only
one channel is affected by the phase imbalance depending on which channel is off as compared
to the other channel. Since we are concerned with bit error rate degradation, hence Eqn (14) is
important in the investigation of the effect of crosstalk in QPSK systems. Plot of Eqn (14) is shown
in Figure 2. This figure plot the Bit Error Rate (13ER) as a function of bit SNR with the phase
imbalance (or phase jitter) as a parameter. The numerical results show that as the phase
imbalance (or phase jitter) increases, the BER performance degradation also increases. Table 1



summarizes the results for various values of phase imbalance and BERs.

Based on the numerical results presented in Figure 1 and Table 1, it is clear that
when the phase imbalance or phase jitter greater than 2 degrees, the bit SNR degradation is greater
than or equal to 0.1 dB for BER <10-3. Therefore, in order to keep the bit SNR degradation due
to the phase imbalance less than 0.1 dB, the phase imbalance between the I and Q channels
should be kept less than or equal to 2 degrees.

Table 1: Bit SNR Degradation for Various Values of Phase lmbalanced or Phase Jitter
r ~.—.

1
Phase

Imbalance
Bit

L——

(Degree) I 13 ER=10-3
1

2 O.10dB

‘d__==_
8 ‘b==-1

SNR Degradation U

13 ER=10-{ BER=10 -5

0.10d13 0,11 dB

0.30 dB 0.35 dB

0.62 dB 0.70 dB

0.95 dB 1.07 dB
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Figure 3. Average Bit Error Rate Probability vs Eb/No for Various Values of RMS Phase Jitter
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